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ABSTRACT

Institution: Third (Boston University) Surgical Research Laboratory,
Boston City Hospital, Boston, Massachusetts - 02118

Title: Pulmonary Ventilation and Diffusion in Shock

Investigators: John J. Byrne, M.D,
John M, Cahill, M.J,
Edward A, Gaensler, M,D,
Denise Jouasset-Strieder, M.D,

Number of pages: 29 pages (Includes 9 Tables and 5 Figures)
Date: June 1, 1965

Contract number: DA-49-193-M,D.-2206

~ Supported by: U.S. Army Medical Research and Development Command

Department of the Army
Washington 25, D,C,

The injection of gram negative endotoxin into the systemic venous
system of dogs, generally causes a fall in lung compliance and a rise in
resistance to airflow. These changes did not occur if the endotoxin was
in:)ebted through the portal system., Heparin in average dosage was not
effective in preventing the respiratory change.

The diffusing capacity of the cenine lung for carbon rmonoxide (DLCO)
was generally diminished by systemic intravenous endotoxin and pulmonary
capillary blood volume (Ve) fell significantly.

In humens, D,CO incresses with increasing lung volume (VL) due
primarily to a rise in Ve, The ratio Vc/VL doaes not change with incronsing
VL, in normal subjects, and may provide a useful standard for the study
of patients,

Note: Copies of this report are filed with the Armed Services Technical
Information Agency, Arlington Hall Station, Arlington 12, Virginia

and may be obtrdned from that agency by qualified investigators
working under Goverrment contract,
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A, COMPLIANCE AND AIRWAY RESISTANCE

Studies in dogs.

We have reported previously on changes in the ventilatory mechanics
during hypovolemic and endotoxic shock.l-z-B-h We noted a rise in
compliance and a fall in resistance to airflow during acute hypovolemic
shock, Following the intravenous injection of endotoxin we noted in
general a tendency for compliance to fall and resistance to airflow to rise,
leparinization of the animal prior to the injection of endotoxin appeared
to interfere with this response. During the past year we have atterpted to
evaluate more carefully this response to endotoxin especially with relation
to varied dosage and heparinization, The ability of the liver to neutralize

endotoxin has also been investigated, We have studied, in addition, the

early effect of intraperitoneal sepsis caused by contamination with liquid
feces,
Methods

The method utilized in determining the airflow resistance and lung
compliance of dogs has been discussed previously and described in deta:).l.lm3
A series of 21 dogs were studied and divided into four groups.

In Group I following control studies six dogs were given gram negative
endotoxin intravenously in varied dosage and ventilatory mechanics studied
thereafter,

Group II consisted of six dogs fully heparinized and then treated in a
manner similar to the dogs in Group I. Two of these dogs were given 1 ml,
of endotoxin per kilo. of body weight and four of them received 2 ml, of
endotoxin per kilo,
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Group III consisted of four dogs in which following anesthesia the abdomen
was opengd, the splenic' vein isolated and carmuJ.ated with a polyethylene
catheter, The abdomen was then closed tightly around the catheter and the
animal placed in the body plethysmograph, TFollowing control studies endotoxin
was administered intravenously through t.e splenic vein, One dog was given a
dose of 2 ml, per kilo and the other three received L ml, per kilo of body
weight,

Five dogs in Group IV had control studies carried out; the dogs were then
removed from the plethysmograph and strained fecal material diluted in 150 cc.
of sgline was injected into the peritoneal cavity. The animals! ventilatory
mechanics were then studied for three to five hours following the procedure,

InTa.le I are grouped eleven dogs given endotoxin through the systemic
vein, None of these animals received heparin. Five dogs (I-V) were reported
pmv:i.ously2 with the results corrected in one case (V), The other six animals
comprise Group I studied during this year. The dosage of endotoxin varied as
indicated. Blood pressure fell in ten of eleven dogs but a marked fall was
noted in only seven. lung compliance fell in eight, was unchanged in two -nd
rosc in onc animal. Resistance rose in seven animals, foll in three and was
ossentially unchanged in one,

The results in the socond group of dogs is listeod in Table II, These six
dogs were fully heparinized prior to administration of gram nogative endotoxin,
In all six of thesc amimals both the compliance and blood pressure fell

significantly. Resistance rose in four, fell in one and was unchanged in ono,
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Teble III indicates the results in four non-heparinized dogs given
endotoxin through the splenic vein, In this instance the blood pressure fell
in eech case, Resistance to airflow also fell in all four of the animals
but a fall in compliance was noted in only one,

The five dogs in Group IV were subjected to peritonitis due to the
instillation of liquid feces. The results are listed in Table IV. No definite
tre_nd was ncted in this group. Resistance rose markedly in one dog (II).

This animal was sick to begin with and had a marked purulent discharge from
the nose. The initial resistance was high at 9 cm. HZO/L/ sec,, rose fourfold
rapidly and the animal died in four hours. Dog five (V) had a gradual increase
in resistance eccompanied by a rising compliance. Dog three (III) tended
-t’oward an increased resistance with a fall in compliance, The other two
animals were essentially unchanged during the period of study. A1l died
within twelve hours,

Discussion

The administration of endotoxin into the systemic vein generally
resulted in a rise in resistance to airflow and a fall in lung ccmplience,
as otheras have noted, In this series, no good relationship could be noted
between the size of the dose and the megnitude of the response, Heparin
10,000 USP units given I,V, prior to endotoxin administration failed to
prevent the response, contrary to our first mpreasiona.z A protective
ection by Heparin has bescn noted by otheru.s Two major problems in this
study deserve mention. The first is the possibility that the resistance of
the snimal to endotoxin varies. The second is the known variation in the
potency of the endotoxin. | We were sble to check this only grossly and at
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intervals, One mixture used in a number of dogs proved to have little potency
and the studies were discarded. The ineffectivencss of Heparin was a surprise,
Our own initial results with Heparin2 were noted by acecident and at a time
when we werc unable to check on the potency of tho endotoxin so we decided to
continue the study with more potent material, We do not conclude that Heparin
is of no value at all but certainly not in the dosage used (10,000 units per
dog) in cénjunction with the amount of cendotoxin we gave,

When the endotoxin was administered through the portal system the lung
changes were largely prevented, although the blood pressure did fall, Since
the dose of cndotoxin was rather large, it indicates that the liver has a
largo capacity for inactivating this material. Either the circulatory
response is more sensitive than the lung response or the factor causing it is
not removed by the liver. It will be of interest to see if even lorger doscs
of endotoxin, similarly administered can overcome this protective effect.

The effect of peritonitis requires considerably more -study especially
Just prior to the death of the animal, Only two studies werc carried out
near death (II-V)., We are attempting to investigete this period at present
and also to increase the survival time to sec if the lung changes bocome
significantly worse as has been predictod.&‘? The markod change in dog two
(IT) is intaresting in view of the known respiratory discase. Any similerly
111 dogs will also be studied and lung specimons obtained at death,

Studios on humans

Nine additional studies of Ward patients have been carried out. Seven
were prooperative problems; two wore studied while on Aramine with & normal
blood pressure and then during the attompted withdrawal of the drug with a
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m_oderate hypotension. Both of these patients, several days prior to the study
had a probable pulmonary embolus. Both were postoperative and both recovered,
Paticent R.,A, had a marked hypoxemia even on high concentrations of oxygen.
Unfortunately, the equipment for measuring lung volume had not arrived at the

time of these studies. The results are listed in Table V.




STSITMIC ENDOTOXIN - NO HEPARIN TABIE I

. CONTROL IMM, POST= % = 2 Hra,
ENDOTOXIN
DOGC  WRIGHT DOSE Mgm/Kg. B.P. c R B.P, c R B,7, c R
I 100 20 2,0 ;%) ..05 :3.0 _% 02 9,0 _g% QL 3.3
11 13 20 15 %% .07 | 2,2 _16;% 05 3,0 _;3% 08 2.7
i1 10 20 2,0 91 09 ‘3e0 70 09 2.3 50 ol 2.7
55 ] w27
Iv 1 20 1.5 %‘511 07 18 | low o0 2,1 _g% L3 16
v 10 0 2.0 i._gg o0 3.4 % A 3.5 5885 005 L0
* VI 13 6 0.5 g% 07 3. _%; 09 2,5 ;{._g_lq 07 2,8
VII 17 13 078 H_g W09 33 _zg #05  L.0 _1%% 09 33
VIII 17 20 1.? %ﬁ_g 08 k.0 y&g . o0T L3 %‘g} O3 LI
moom w0 | 05 3.8 I LN PR
A N 0 62 3 5o
X 10 30 3,0. ;%_2 N S _gg_ +e05 34 _%_ W05 L.

Valcht = Filograms.

Lose = Mgm, of Endotuxin

S.P. = Blood Pressure in mm, Hg.

c = Iung Compliance in 1i*ers/om.H,0

R « Resistance to airflow in u.ﬂz ter/ssc. =~~~

i
3
%




SYSILIIC IUDITOXIN - MERIRINIZED
s CONTROL I:%, POST- % -1 Hr,
ENDOTOXIN
:\) C( \fI‘.’I CE‘::‘ ..!:OS E I:::fﬁ/:\:gn B * P . C R B » P L) C R B oP - C ff;
\
* »
-~ Ve
z 20 10 L0 |18 08 3.2 § &6 Ch 3.2 | 81 206 2.7
<05 50 &3
- - - A0
i 13 26 2,0 @A 06 5.6 | 65 03 L6 {108 06 L9
2 )
1C0 9 [z
. - - - - e . -t - [ -~ - K
i 1L 2% 2.0 128 O L6 37 L0 6,9 1 Th o0 3.8
| L20 2 ML
' ’ 93 > 5y
3
v 17 sk 2.0 lasr .07 Leé dnew 02 61 131 1 3.0
bron Lo 59
g : s
- [ S -
v 100 20 2.6 | I3 %0 188 L 36 T LB 2
: i 70 150
e s j
- -~ . - - o~ ' NS e
VI 0 AP R 250 W08 4O 02 k.3 | 9 05 2.2

P
[ SR
(&

- - .
I e
-

iy

- .
Clle iy

o,
L) 2 e B Y e R /
A e e ey ren IT 2 mnnw fo
;j_.. LA0W Wil Chl, Dr;.d/.'...&. {y\;,.'." LS,
. M -

Adog eiqepeny 1s0g




SPLIL.S VELY SIRIRS

CONTROL

TIBLE IIX

IM{, POST=

ENDOTOXIN

mG XTE:'..CBT D‘CST‘ Bo. o R c BQP. R 3 B.; ® R c s

py 13 25 | 3% 68 .1 | _60 haa L12 (13 5.0 L10
- o7 50 A

i 1 &y 251 2.9 2.4 W07 2,8 .10

11

b 56 163 L.2

10 L0 125 3.8

«10

«C5

009

5
T3
1y
7

Ll
3%

3.0

1.6

05

o1k

3.4

2.0

05

012

~ - & -
v & Tilosrins

o .
(X3 2 )

.. By DY U, R
ore  w .lw, o Dadoternn

-

-

.

ts

2= Mo B &)

2. = Diccd Pecosere dn re Hge-
@ Lty Complicase in lters/cn Hy0
e Desictance to airflow in cn.Hzo,'iiter/see.

‘ i AR 0 ot it 1Y

s et A

R e ey 1 SRS PR

S TR TS




DG

=

Ii1

v

Ny e

21

)

Qo
S

RS

ool

o",_'
&z
o!

/0
95

2 KWW

N
°
N

320
wONv
4ol

2.6

3 HORS
742

[0

02

<02

13

rP !
REAY) 2:3
120

VT

A0 43
€0

310 3.4
95

IM.\J\ Lol

20
30 95

B T T




R.A.

i

3

M

ACTS

&3

7\0

bt ]
.Vr

232

Pulmonary Brbolis

S udmonary Emt-olus

ovy dopood 8503 .~ 2

0 Yons - Very Oluo
Ve w205 o« Nt u

cigs/fdoy u,

Post Conzorte Failwwe
phe. \ Ay Ve iphyeyset
DCL - O?H.n H.vvﬁh.n
0 Preve Congeste Fiilure

Occ. DUB EXID

>

-SHCCK PATIENTS

LUNG DICTASE BLOOD PRESSU

on Aranine - 120
70
of{ Aramine -~ _Ch

on Aramine - 160
100
off Aranmine -~ _8£0

——pa

s Dishobic Moe disce

- Jungs celear

6.8

1.5

T s i

c PEoALI

oy
e L2 RV S
Q— 3 ~
:
-
PR
$aner
J0b LTy

16 Sitiing

11 Sitti

23 Sitting

¥ After Torprel

c PCGTITIC..

J2 Sc. 1 Sittir:
16 Semi Sitling

«08 Left Side
«06 Loft Side




References A,

1, Byrne, J.J.,, Cahill, J.M. and Gaensler, E.Ai.: Pulmonary Ventilation

and Diffusion in Shock. /Annual Report to Lrmy - Contract No, Di-
49=193-M,D.~2206, June 1, 1962 - May 31, 1963,

Byrne, J.J., Cahill, J.M., Gaensler, E.A, and Jouasset-Strieder, D,:

Pulmonary Ventilation and Diffusion in Shock, Annual Report to Army-
Contract No, DA=l9-193-M,D.-2206, June 1, 1963 - May 31, 196L.

Cahill, J.M. and Byrne, J.J.: Ventilatory mechanics in Hypovolemic
Shock. J. Appl. Physiol, 19:k, July, 196L,

Cahill, J.,M., Jouasset-Strieder, D, and Byrne, J.J.: Lung Function
in Shock, Am, J, Surg, In Press,

Thomas, D., Tanabe, G., Kahn, M. and Stein, M,: The Role of Platelets

in Endotoxin Induced Broncho-Constriction in Dogs. Clin, Res,
Vol, XII, 2:294, April, 196L.

Moore, F.D.,: Terminal Mcchanicsms in Human Shock. (Presented, Seminar
on Shock, April 28, 1965, Third (B.U.) Surgical Service .nnual
Seminar). 4m, J. Surg, In Press,

Gurd, F.N.: Metabolic and Functional Changes in the Intestine in
Shock, (Presented, Scminar on Shock, April 28, 1965, Third (B.U.)
Surgical Service Annual Seminar). Am, J. Surg, In Press.




3
i

B, PULMONARY DIFFUSION STUDIES

1, Studies in degs.

- A T e B R

The diffusion capacity for carbon monoxide (DyC0) was studied in dogs
using the single-breath technique, The results of the studies in anemia,
acute hypotension, irreversible hemorrhagic shock, after early retansfusion ;
and the effect of prolonged anesthesia have been reported’ and are summarized
in Figure I.

The present studies were carried out to investigate the effect of the
intravenous injection of gram negative endotoxin on the DLCO and pulmonary
capillary blood volume (Vc). They comprise our first effort to utilize our
new equipment for the diffusion studies.

Nethod |

The technique for studying DjCO, Ve and Dm (membrane diffusion) in dogs
has been described prav:I.oussly.1"2'3"h In the present studies however,
alveolar PO2 was measured by a Beckman E-2 Oxygen Analyzer and alveolar PCO2
by an Instrumentation Laboratory CO, electrode. These had been measured
previously by the Scholander technique,

A total of five dogs were anesthetized lightly with Pentathol and
control studies carried out. Each snimal was then given intravenous
endotoxin and shortly thereafter ihe studies were repeated. The henatocrit
was obtrined on all animals before endotoxin but on unly three post-endotoxin,
Pulmonary capillery red cell mass (Vrbc) was obtained from the Ve and the
bematocrit. The ratio Dp/Vrbc = Drbc was also caloulated, both for the
jresent studies and for those reported ;revlously.l Drbec equals the
Hiffusing capacity of 1 ml. of red blood cells in the lung capillaries.
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Results

Gk

Table I indicates the results obtained in the five dogs. In dogs I

and II the results in shock are calculated on the basis of there being no

i
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change in the original hematocrit and are therefore probably incorrect but

demonstr'a‘te the same trend seen in the other three studies.

e A i i Aor AT 3

In each instance a marked fall in Ve occurred and in general a fall
in D;. Dm was even more variable than in the past and reached infinity on
three of these studies.

Doq V was studied immediately after endotoxin and then sbout 15 - 30
minutes later, Vc rose briefly in this animal and then fell abruptly in
the second study,

Discussion

The effect of intravenous injection of gram negative endotoxin on
pulmonary diffusion and capillary blood volume appears to be a fall in Ve
and in general a fall in DLCO. This is essentially similar to the effect
of acute shock as noted in Figure I. At the time that these studies were
done the blood pressure was in each instance well below the normal level,
The result in Dog V in which the Ve initia;ly rose is of interest, since
according to other authors endotoxin cauaeé a release of Sero'c.onirx5 in the
lung and it is known that Serotonin is a pulmonary vein constrictor and
causes an increase in pulmonary capillary blood volume.6 & later effect of
endotoxin is believed to be the development of intracapillary clotting.7
The possibility exists that the Serotonin effect on the pulmonmy venous

circulation is of relatively short duration and is superceded immediately
by the effect of intracapillary clotting and a fall in Vo due to a diminished
capillary bed in the lung.
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These preliminsry studics indicate that if endotoxin causes a
Scrotonin-like effect on the lung, it is of short duration and diffusion
studies must be done immediately after the endotoxin is administered to
demonstrate it, Furthermore, there is a rapid risc in hematocrit after
endotoxin and it will have to be measured frequenitly in order to get accurate
diffusion results. The hematocrit of Dog V rose from a control of L8 to a
high of 6l toward the end of the study, Both of the post-endotoxic results
were based on a hematocrit of 6l but at the time of the first study it was
probably a good deal lower. The late effect of endotoxin on the lung after
the blood pressure has returned to normal is also planned for study,

Figure II shows the relationship of Dy, to Vrbe in 24 control studies,
in six studies of acute hypovolemic shock and in six of irreversible shock
reported previow.usly.1 The line of mayimal Dyy20 has a slope of 1.k which
is the "diffusing capacity" of 1 ml. of RBC directly exposed to alveolar air,
The cxperimental data show that the RBC in pulmonary capillaries have a
sc.iewhat lower "diffusing capacity", Dy/Vrbc = Drbe, averages .85 < 16 ml./
min,/mm, Hg./ml, RBC for the experiments in Figure II. The shaded arca in
Figure II would then correspond to increased membrane thickness.

Studies in humans,

Tho effoct of verying lung volume (V) on the pulmonary-capillary blood
volume (Vc) and the membrane-diffusing capacity (Dm) was studied in twelve
normel volunteers. The purprse of this study was to set a standard. for
evaluating results in noutoly 3D petionts who might be unable to hold their

breath at total lung capacity.
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Method

Twelve normal volunteers werc studied, ages 18 to 51, Their biometric
data was obtained and is shown in Table II, Vital capacity and timed-
vital capacity were measured with 2 Gaensler vitalometer and the residual
volume by the closed-circuit helium dilution method., Total blood volume
and hematocrit were determined in seven subjects by the radiocactive albumin
technique., The diffusion capacity (DL) was measured by the single-breath
method using carbon monoxide, as modified by Foster et al.9 The subject wes
asked to perform a complete expiration, followed by inspiration of the test
gas and ten secconds of breath-holding. This was followed by a rapid
expiration from which an alveolar sample was collected, In each subject the
lung volume at which the breath was held was approximetely at totel lung
capacity and at spproximately two-thirds of total lung capacity, Two
subjects were also studied at one-third of total lung capacity., Three gas
mixtures were used as in previous studies, all containing . 3 per cent
carbon monoxide, 10 per cent helium but with 20, 50 or 90 per cent oxygen.
The balance was nitrogen. . box=brlloon spirometer permitted the rocording
of inspired volume, breath-holding time and dead-space washout volume. The
alveolsr gas samples were analyzed as in previous studies and Dp, Ve and Dm
calculated by methods described prev:l.omnly.2 Duplicate measurements of DL
were made with each gas mixture and at each lung volume, The volumc of red
cells in the lung capillaries (Vrbc) was estimated from the pulmonary-
cepillary blood volume and the hematoorit, ond the ratio of diffusion
caprcity to the volume of red blood cells (Drbc) was calculated,
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Results

In Table III are listed the values of DL, Ve and Dm at the varying

L
volume while Dm was not altered significantly.

lung volumes, In general D and V¢ decreased markedly with decreasing lung

Figure III demonstrates the percentage relationshir of Ve to lung
volume for each individual, comparing himself to his best perfo.rmance. It
is noted that Ve f£dl proportionately as lung volume decrease de The £all
in DL with decreasing lung volume was relatively less than that of Ve,
However, when Dy and Ve were compared to the lung volumes in absolute values,
a proportional relationship was shown in both instances, as demonstrated
by Figures IV and V. The results of a similar analysis for Dm indicated
the absence of any meaningful trend,

Table IV is another representation of the relationship between the
diffusion data amd the lung volume. It indicates that the amount of
capillary blood per liter of lung volume remains constant as the lung
volume changes, averaging 13,5 ml. per liter of lung volume, but both
Dy
Discussion

This study confirms the largs changes in Dy that sre induced by

and Dm per liter of lung volume decreased with increasing lung volume.

changing lung vbl\melo and it demonstrates that a proportional increase
in capillary-blood volume is the dominant mechanism of the DL changes,
The volume dependence of Dy 1s of practical importance for the definition
of normal values and the appreciation of pathological changes when using
the stendard single-breath technique, Differences in the proposed
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prediction formula may result, not only from the relatively small number of
subjects usually studied and the possible difference in analytic techniques
but also from unequal efforts to reach total lung capacity. Ve increases
proportionately with inereasing lung expansion and this implies that the
capillary bed expands at the same rate as the alvecli augment in size and
number. Opposite changes have been observed in isolated lung preparationsll
and no sure explanation can be offered st present for this difference., The
lung volume dependence of Ve limits the significance of its relationship to
total blood volume as seen in Table IV unless v (lung volume) is known.
The amount of capillary blood per liter of lung volume appears to offer a
better inde?: of the total perfusion of the lungs. Our predicition formula,
Ve equals 13,5 ml. per liter of lung volume zpplies generally to any lung
volume,

The absence of any change in average Dm when the lungs are distended
from 65 to 95 per cent was somewhot surprising, It implies that the alveolar
membrane is left unaltered or that any incréase in its surface area is can-
celled by an increase in its thickness, We favor the latter mechanism on
the besis of our previous c:bserva'bicma,2 which support the hypothesis that
the alveolar membrane is useful for gas exchange only where it is in contact
with red blood cells, In this hypothesis a rise in Vrbc is synomous with
an increase in effective surface area and a fall in Drbc with an increased
thickness of the membrane, Both changes are observed with progressive
distension of the lungs and the composition of the two effects accounts for
pattern of changes in D, A cause for the behavior of Ve and Dm with
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increasing lung volume could be found in a concomitant increase in the k
surface tension of the alveolar lining which would induce the opening of
capillaries and exudstion of fluid within the me':mbl:'ane.:l'2 The rapid
degradation of this surfactant material when exposed to zir in vitro may
then offer an explanation f or the different behavior of V¢ in isolated
lungs,

We believe that the amount of capillary blood per liter of lung ,
volume may prove to be an important parameter for study since it does not
change under normal conditions with variations in lung volume. It
establishes a solid basis for comparison with studies carried out during

shock or other pathologic states.
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TABIE I

DIFFUSION IN ENDOTOXIC SHOCK '
CONTROL 0c AFTER ENDOTOXIN

DG Dpypg Ve I Vrbe D fvrbe L D Vroe Dy fvrbe
I 188 57 29 28 1 | 1.6 20 k6 10 1.16
Iow 3 s 168 Lo B3 8 m 8 23
IIT 33 85 & 10 81 22 31 Inf, 17 1.3
v 2, . 72 % za. ‘.85 17 32 103 b1 ) 1.2
vV o 187 3% 98 16 1,17 | * 16 52 18 33 L8
), 17 Inf, 1 1.3

Undorlined results are based on assuming the hematoerit remained unchanged
in endotoxic shock. The changes, however, are similar to those seen in the
other anmimals, :

D.. = ml, Zmin.
1120 . Ha,

Ve =mnl,

Dm - mlo rf:-‘_ﬂo
., i-xg R

Vrbe -, Zmin.

€

mm, Hge
Int, w Infinity
% e Immediately following Endotoxin

o 15 - 30 minutes after Endotoxin




TABIE II
Biometric data for 12 normal male volunteers.  Age in years, height
in meters, weight in Kg; vital capacity (VC) and total lung capacity

(TIC) in 1'ters B2PS; one-second timed vital capoity (IVC) end
residual volume to total lung capacity ratio in per cem. Dotz
blood volume (TBV) in liters and hemstocrit (Hct) dn per ceats

ige Height Weight W TIC TBV

Ve RV/TLC Het

M 18 178 & A& 5.7l 151
86 20 L9

E.0, [23 1.9 96 8.75 8.43 6,09
78 20 K .

J.R, |28 1,73 7% 6.18 7.6 4,72

| 80 20 k6

G.P. |31 1,88 " 6.92 8.97 5.29
70 a3 L6

SOIO 31 1065 ' 69 o h.59 5073 5029

o R RO £ 3

Roxo 32 1078 71 5.10 60013 b
87 5 -

PGoc\o- 311 . 1078 . 1‘5 o -615-50~ -6¢87 . L R ve

wooo 3’4 1090 93 6085 8030 -e
61 s

LT, |35 177 n 006 é?.?& 5.30

JO. 139 183 =N 5.05 - 6490 5019
72 7

B..C. N& loah IG Som 7013 bl
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TABIE IIX

Diffusion data for 12 normal male volunteers, The lung volumes (V)
are indicated in per cent of total lung capacity (TIC), D, is the
ciffusing cz,;'oacity of the iungs in ml/min/mm Hg, Ve the pulmonay
«2pillary blood volume in ml and Dm the diffusing capacity of the

alveola morbrane in ml/min/mm Hg, .

1/3 TIC 2/3 TLC 710
VL DL Ve Dn VL DL Ve D VL DL Ve In

Gt 63 U 92 60 95 4 I09 105
E.G. 59 24 52 70 99 kT L. 200
J.R. 70 30 78 65 92 34 109 60
C.P. 57 3% 76 100 96 L7 137 90
s.1. €6 22 5 70 95 27 T &0
RE. | 36 19 29 80 WA 55 50 9 3N & 15
G.G. sb 30 L9 210 97 L6 120 1CO
W.C. 3. 1 37 50 60 27 50" 150 St Lo 93 200
AL . o o . U6 30 82 6 | Si 1 1o 8
J.C. & A M 00 | 95 28 106 L3
R.C. 79 37 63 250 96 1 7% 200
W, 5. 6 18 3l 70 9% 2 5 9

R T SN
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PIBIE IV

Diffusica dsta per liter of lung velume (V,) at three different fractions
of totel lung capactty (TLC) Dy, Ve and D 2o in Table IT. The ratio of
pulmonary czpillary blood volume to total blood volume (Ve/IBV) is slso

g

oe . . %
indiccted. The figures ere mean values -~ standard deviction,

sme | eAsme | T
L/v, .8 | : g:ﬁ , g:g
e S
Da/Vy, 28 :ig ilf?
Vo /IBV ;% .g : o.z
' p—

vod  loy Swrs 4 . o & - - L2 ~ -
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Pigure IIX
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